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Abstract 
Cast ingot pulling speed significantly affects the nature of the resulting structure and the quality of the external surface. By introducing 
a variable ingot pulling algorithm allows to some extent to control the shape and location of the crystallization front and temperature field 
in the ingot cross section. The shape of the crystallization front, and its position relative to the crystallizer plays an important role in the 
continuous casting of iron ingots affecting the structure of the casting. In order to verify the impact of the ingot pulling algorithm to the 
shape and the location of the front of crystallization a series of simulations in ANSYS FLUENT 12 was carried out. 
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1. Introduction 
Industry has undergone many changes over the past several 
decades. One of the most important innovations was the 
implementation of computer-aided design (CAD). The 
development  of this concept led to the creation of computer-aided 
engineering (CAE), which allowed for optimizing the shape and 
weight of castings, improving their quality, minimizing 
development time and validation of prototype castings, what 
resulted in lowering costs in the introduction and production of 
castings [1]. 
The Foundry Department of the Silesian University of 
Technology is carrying out the work on the use of forced 
convection  of  liquid  metal  in  the  crystallizer installed at a cast 
iron continuous casting line. Effect of external factors (in 
particular the electromagnetic field) in the solidifying ingot was 
presented, among others in the works [2 ÷ 9]. For the purposes of 
research a continuous casting line of iron rods with a diameter of 
∅ 20 mm was designed and built (Fig. 1 and 2).  
Continuous casting of cast iron covers many complex 
phenomena like turbulent multiphase fluid flow, heat transfer  and  
solidification.  Convection  of  liquid metal in a crystallizer, and 
thus shifting and changing shape of the crystallization front have a 
big impact on the quality of the ingot [2,6,7,9]. The proper 
conduct of the continuous casting process is affected by  a number 
of factors such as temperature of metal in the furnace, the 
temperature of cooling water in the crystallizer, pulling speed and 
specification (depending on the specified pulling algorithm), the 
temperature at the outlet of the continuous casting crystallizer, the 
chemical composition of metal at the furnace, etc. 
This article focuses on the use of computer simulation to 
optimize the ingot pulling algorithm, which greatly facilitates 
further research on the stand. 
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Fig. 1. Schematic of the continuous casting line
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Fig. 2. The view of the continuous casting line
 
 
2. Conduct of the study 
The aim of the study was to determine the effect of ingot 
pulling parameters (pulling algorithm) on the shape of ingot 
crystallization front and temperature distribution in the 
crystallizer, during the continuous casting of cast iron. In order to 
simulate a simple two dimensional model was designed and 
shown in Figure 3. To perform research program ANSYS 
FLUENT 12 was used. The simulated pulling algorithms are 
shown in Table 1. For each version, the instantaneous velocity was 
set to v = 0.02 [m/s]. 
 
 
Fig. 3. Model of ingot - crystallizer system used in ANSYS 
FLUENT 12: 1 – cooler, 2 – crystallizer, 3 - ingot 
 
Extraction algorithms are divided into 4 variants: 
• A – continuous forward movement with the speed of 0,02 m/s 
• B,  C,  D - move forward, stop, move backward, stop, move 
forward, etc. with the speed of 0,02m/s 
Each variant is presented in Table 1. 
 
Table 1.  Ingot pulling algorithms 
Time of movement [s]  Movement 
A B  C  D 
forward 15  10  5 
pause 0,5  0,5  0,5 
backward 1  1  1 
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Simulation environment parameters are shown in Table 2. 
Simulations were carried out in a 2D system, using the model of 
turbulent flow and gravity acting on the solidifying ingot. Setting 
the specific simulation environment was chosen on the basis of 
information provided in the works [10 ÷ 15]. 
Table 2. ANSYS FLUENT 12 simulation environment parameters 
Component Specification 
Solver  segregated, implicite, two-dimensional, 
unsteady, and absolute velocity formulation 
Viscous model  k-ε turbulent model, kin=1 [m
2/s
2], and εin=1 
[m
2/s
3] 
Materials  GJL-250, 1H18H9T steel, graphite 
Environment 
parameters 
gravity = 9,81 [m/s
2],  
work density  = 1,225 [kg/m
3] 
Initialization  metal inlet temperature = 1450 [°C], ingot 
pulling speed = 0,02 [m/s] 
Patching Metal  inlet  temperature 
 
3. Results and analysis 
The  results  of  the  analysis  were collected only after a 
certain duration of the simulation, which allowed the stabilization 
of the simulation environment. Below are photos from the 
simulation corresponding to the successive pulling  algorithms   
ingot.  During the simulation of variant A (forward movement 
only) the system stabilization time was set to tstab = 30 s. It is the 
time after which the system showed only minimal cyclic changes 
in the amount of the liquid phase. For each additional variant of 
the simulation, the data for analysis were collected only after the 
time of stabilization. Figures 4 ÷ 10 presents the results of the 
simulation part of the liquid phase and static temperature for 
further ingot pulling algorithms.  
 
 
 
 
Fig. 4. The share of liquid phase and temperature distribution in 
the ingot cross-section - Simulation Option A (t = 61s forward 
movement only) 
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Fig. 5. The share of liquid phase and temperature distribution in the ingot cross-section - Simulation Option B (t = 51s before forward 
movement) 
 
   
Fig. 6. The share of liquid phase and temperature distribution in the ingot cross-section - Simulation Option B (t = 66s after forward 
movement) 
 
   
Fig. 7. The share of liquid phase and temperature distribution in the ingot cross-section - Simulation Option C (t = 36s before forward 
movement) 
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Fig. 8. The share of liquid phase and temperature distribution in the ingot cross-section - Simulation Option C (t = 61s after forward 
movement) 
 
   
Fig. 9. The share of liquid phase and temperature distribution in the ingot cross-section - Simulation Option D (t = 56s before forward 
movement) 
 
   
Fig. 10. The share of liquid phase and temperature distribution in the ingot cross-section - Simulation Option D (t = 61s after forward 
movement) 
ARCHIVES OF FOUNDRY ENGINEERING Volume 10, Special Issue 1/2010, 47-52 
 
50  
In the case of options B, C and D (Fig. 5 ÷ 10) the results are 
presented before the front movement (after the sequence of 
backward movement and pause) and after moving forward. As 
can be seen in Figures 5, 7 and 9 the introduction of a pause and 
backward movement causes distortion of the crystallization front 
(Fig. 11). These distortions may lead to partial whitening of the 
continuously casted ingots, which is shown in Figure 12. 
 
       
Fig. 11. Examples of the crystallization front distortion respect-
tively for variants B, C and D (marked also on the fig. 5, 7, 9) 
 
    
 
Fig. 12. Grey cast iron continuously casted ingot breakthroughs 
 
 
The view of the external surface of ingot shown in Figure 13, 
confirms the temperature distribution obtained in simulation 
(temperature field in Figure 5 ÷ 9, and the resulting position of the 
crystallization front). The results show that the introduction of the 
pause and backward movement to the pulling algorithm, leads to 
changes in the shape of the crystallization front and moves it 
towards to the entry into the crystallizer (shortening of liquid 
metal part). In addition, together with the shift of the 
crystallization front, the temperature field in the ingot cross 
section is also changing, which significantly lowers the 
temperature at the exit of the crystallizer. It may be noticed that 
reducing the diference between the forward and backward 
movement time implies a significant reduction in temperature at 
the outlet of the crystallizer, and thus helps to increase the 
instantaneous speed of ingot pulling. 
 
 
 
Fig. 13.  External surface of continuous casting ingot 
crystallization 
front 
position
 
5. Summary 
 
For the purpose of study a two-dimensional model taking into 
account the fully coupled flow of molten metal, heat transfer to 
analyze the solidification ingot cast continuously was prepared. 
The program uses the turbulent k-ε model, allowing to examine 
the impact of the metal flow on the heat transfer in the crystallizer 
[10,11]. A series of model simulations in which the ingot was 
extracted with the instantaneous speed of 0.02 m/s, which 
consequently led to the following average speeds for different 
algorithms: 
•  Option A   vśr = 1,20 m/min, 
•  Option B   vśr = 1,02 m/min, 
•  Option C   vśr = 0,90 m/min, 
•  Option D   vśr = 0,72 m/min, 
 
Based on the simulations following conclusions can be drawn: 
1.  The introduction of backward movement affects the shape of 
crystallization front and temperature field distribution in the 
ingot cross section and contributes to the shift  of the 
crystallization front in the direction of the crystallizer entry 
(Fig. 5, 7, 9). 
2.  Shortening of the forward movement time according to the 
backward movement time allows to flatten the shape of the 
crystallization front (Fig. 9 ÷ 10). 
3.  The instantaneous velocity of 0.02 m/s does not allow 
continuous ingot casting, without the introduction of 
backward movement and pause because this causes the lack of 
complete solidification of metal in the crystallizer. 
4.  Shift of crystallization front and the temperature field in the 
direction to the crystallizer enter, allows the use of higher 
temporary ingot pulling speed  leading to an increase in the 
actual speed of continuous casting. 
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